Early in 1952, before the dramatic impact of the London 'smog' of that year, only 66 towns and 5 London boroughsall communities with a serious air pollution problemhad enough interest in the subject to make daily pollution measurements, though monthly measurements were fairly common. The Beaver Report of 1954, which stressed the importance of fine airborne smoke and of sulphur dioxide, and the Clean Air Act of 1956 gave a great impetus to the study of short-term concentrations of these pollutants. By 1960 there were 213 towns and 28 London boroughs making daily smoke measurements, among which 204 authorities were also measuring sulphur dioxide.
From as early as 1927 the Department of Scientific and Industrial Research had given technical advice and had received and published the results of daily and monthly observations under a voluntary scheme of co-operation embodied in a Standing Conference, but there had been no question of control or selection, so the distribution of sampling sites throughout the country was heavily biased towards industrialized towns and conurbations. By 1960 it was felt that some reorganization would be valuable in enabling the best information to be obtained from the most economical effort. A working party was set up, and this recommended that the existing scheme should be supplemented by a planned survey carried out in England and Wales on the basis of statistical selection from communities of all types. The National Survey was the result.
The Purposes ofthe National Survey From this Survey it is hoped to be able to judge the effects on pollution levels of climate, topography and the use of various types and amounts of fuel; to select those areas with the most serious degrees of pollution so that remedial measures may be most economically applied; to assess the effectiveness of such measures; to supplement special studies on the way in which pollution is carried away and dispersed, sothatvrwn planning and the location of industry can be based on sound principles; and finally to provide data on smoke and sulphur dioxide for those studying the effects of air pollution, particularly effects on health, since both smoke and sulphur dioxide can reach and be retained in the lungs.
The Survey was designed on the basis of the classification of towns into categories according to certain characteristics known to influence air pollution, and the selection of a widely representative sample from among towns in each class; and on siting the sampling apparatus within the selected towns in certain types of district so that comparisons between towns could be made for similar districts. Using these representative towns as a yardstick, the concentrations of smoke and sulphur dioxide found throughout the country can be assessed. The representative towns, while essential to the Survey, form only part of it; all daily measurements, wherever they are made, will contribute to our knowledge of the factors which affect pollution and the best means to control it. London, because of its size and complexity, is the subject of a special survey and its local authorities are not included in the figures given below.
Categories ofTowns
Of the many possible factors which might be used as a basis for dividing towns into categories, the following were chosen:
(1) Domestic coal consumption per unit area, since this had already been shown to be the chief cause of smoke pollution owing to the inefficiency of the domestic grate in the combustion of coal and the low level and poor velocity at which the resulting pollution is emitted from domestic chimneys.
(2) Industrial coal consumption per unit area, because although British industry is increasingly aware of the wastefulness of allowing smoke to be emitted and now produces relatively little, all but a very small percentage of the sulphur in the fuel is discharged in the form of the oxides, and_principally as sulphur dioxide. The very large amounts of fuel consumed by industry mean correspondingly large emissions of sulphur dioxide and smaller but no less important emissions of sulphur trioxide in the form of sulphuric acid.
(3) Natural ventilation, or the tendency for pollution to be trapped or blown away according to the local topography.
Each of these three factors was graded into three subdivisions, representing a high, moderate 1014' Proceedings ofthe Royal Society ofMedicine or low likelihood of pollution due to its influence. Into the 27 possible classes resulting from the combination of these categories, all towns in England and Wales (that is, all administrative areas except rural districts) were placed according to the data available; some classes held no towns, and a separate class was established for those towns for which there was no information about industrial coal consumption. Within each of the resulting 18 categories, towns were divided by population, and then by geographical region, and finally a representative sample from each group was selected. This consisted of all towns of more than 100,000 population, of which there are 61; and a successively smaller proportion of towns as the size diminished and the numbers of towns in the groups increased. This resulted in the selection of 25-30 towns in each of the size groups, 50,000-100,000, 20,000-50,000 and 5,000-20,000.
Communities of less than 5,000 population were to be found in rural districts without necessarily possessing their own separate local administrative council, and their numbers were relatively large, so a different method of selection was employed for these. The county councils of the larger counties were approached and asked to assist in selecting a suitably representative small community within their area; at the same time a second site was chosen as far as possible from sources of pollution, to give information about 'background pollution' in different parts of the country.
Alltheselectedlocalauthoritieswereapproached and invited to collaborate in the National Survey by purchasing and operating a standard type of equipment. The great majority willingly agreed to do so (in fact, many were already making some daily measurements); there was some difficulty, because of their small size and therefore limited resources of manpower and finance, among the smaller towns, and here (with the approval of the statisticians) a modification of the selection procedure was used, without introducing any undue bias.
The siting of instruments within the selected towns was designed to give readings characteristic of the surrounding district and comparable with those in similar districts in other towns. Four characteristic urban situations were chosen: the residential district with high density terraced housing, only too often designated as a slum; that with moderate to low density housing typified by the municipal housing estate or suburb; the commercial centre in the case of larger towns, where central heating was likely to predominate; and industrial development, of whatever kind. If any smoke control areas were in operation or designated in the town, one of these was also to be sampled. In some towns not all these types of district were to be found, so that fewer than the maximum number of 5 sites were required. There was no limit to the number of additional sites which any authority might operate, but these would not be classed as representative. Table 1 shows the number of towns at present taking part in the National Survey, and of sites at which daily measurements are made.
Methods ofMeasurement
The methods of measurement chosen for the National Survey were based on those which had proved suitable over many years for this country, where each local authority has a public health department staffed by trained public health inspectors who have the technical skill to operate the apparatus; given their willingness to comply with the fairly stringent rules laid down to ensure uniformity throughout the Survey, the results can be compared with some confidence. The staff of Warren Spring Laboratory takes care to see that training is provided for those new to the work, and checks are carried out regularly to maintain the standard of observations. The apparatus consists of a small pump drawing air from outside the building via a funnel (inverted to prevent rain and large particles from entering) and thence through a white filter paper (Whatman No. 1) held in a clamp, where the smoke is trapped to form a stain. The air is then drawn through a bubbler containing acidified (pH 4 5) 1-vol. hydrogen peroxide. In this, sulphur dioxide is oxidized to sulphuric acid. Finally the air passes through a dry gas meter so that the volume from which the pollutants are extracted is known. Filter paper and hydrogen peroxide solution are normally changed after twenty-four hours, though it is not always possible for this to be done at weekends. A semi-automatic version of the apparatus allows up to 7 twentyfour-hourly samples to be obtained before the site need be revisited. When samples are removed, the stain upon the filter paper is compared in a reflectometer with a clean sheet of the same paper, and the resulting reading can then be used in an equation derived from experiments in which stain darkness has been related to the weight of a standard urban type of smoke upon the paper. The concentration of smoke can thus be expressed, in terms of micrograms per cubic metre of air of this 'equivalent standard smoke.' As long as the stains are not allowed to become too dark, this method has been shown to be appropriate for most urban smokes throughout Europe; where some unusual component such as cement dust is present a special calibration is needed to give accurate results.
The dilute sulphuric acid in the bubbler produced by the oxidation of sulphur dioxide from the air can be estimated by a simple titration, using an indicator giving an end-point at pH 4-5 to avoid introducing errors due to carbon dioxide. The concentration of sulphur dioxide in the air is then calculated and expressed in micrograms per cubic metre. Although this method is not specific for sulphur dioxide, since it measures the net acidity of the solution, interference from other strong acids is rare, and if the presence of alkalis such as ammonia is suspected it is not difficult to correct the result by estimating the ammonia present. On the whole, however, the result obtained gives a good estimate of sulphur dioxide pollution, in most situations.
The Survey was originally planned to last for five years but the process of approaching local authorities and the time-consuming administrative steps required before action could be taken to purchase and install new equipment (every site for which had to be selected in consultation with the staff of Warren Spring Laboratory) meant that it was not until late 1962 that the majority of representative sites were in operation in towns, and 1963 was well advanced before the rural communities could begin measurements. However, if the weather provides a fairly wide range of winter and summer conditions it is believed that a sufficiently comprehensive survey can be completed by the end of 1966.
To deal with the greatly increased volume of observations necessitated by the National Survey, Warren Spring Laboratory has undertaken to process the data by means of an electronic computer, returning the calculated daily concentration figures to those making the observations and circulating to all observers and to many others the monthly summary of results in the form of a Bulletin, and complete annual tables. The Laboratory also publishes a monthly list of abstracts of publications dealing with all aspects of air pollution, and organizes twiceyearly meetings of the Standing Conference of Bodies Co-operating in the Investigation of Atmospheric Pollution. At these meetings, papers are presented giving the results of interim analyses of the data from the Survey, and dealing with a variety of subjects concerned with pollution problems. A comprehensive study of the completed Survey will be published in due course, with statistical evaluation of the factors found to influence air pollution. Among the various forms of air pollution, that due to motor-vehicle traffic shows the greatest complexity because of the numerous chemical substances involved.
In the oxidizing atmosphere formed in this way, we may find unburnt fuel, polycyclic hydrocarbons including the carcinogenic compounds (benzo(a)pyrene, benzo(k)fluoranthene),1 acetylene, ethylene and other olefinic hydrocarbons, aldehydes (formaldehyde, acrolein), free radicals and peroxides, nitrogen oxides and the irritant peroxyacylnitrates, carbon monoxide, lead halides associated or not with ammonium chloride, resulting from the combustion or decomposition of anti-knock additives, sulphur dioxide derived from sulphur in the motor fuel, &c. In some urban centres a considerable excess of ozone can be found in comparison with the usual concentration in the air.
The complex process of formation of such pollution, reaching its peak in Los Angeles, has been in the USA the subject of much research of great value, which proves that it is essentially produced by photochemical reactions. I myself have reviewed the problem in several papers (Moureu & Truffert 1960 , Moureu 1961 , 1962 and all details needed will be found in the report specially published on this subject in 1962 by the US Department of Health in Washington.
In Los Angeles, where, in 1960, 3,450,000 vehicles were running and using 29,000,000 litres of fuel every day, the pollution due to motorvehicle traffic represents 60-80% of the general 'Also known as 3:4 benzpyrene and 11: 12 benzfluoranthene
